
                                       AD_________________ 
 
 
Award Number:  W81XWH-06-1-0281 
 
 
TITLE:  Simultaneous Analysis of Germline Cnps and Snps in High Risk Prostate 
Cancer Families  
 
 
PRINCIPAL INVESTIGATOR:  Jianfeng Xu, M.D., Ph.D. 
 
                
CONTRACTING ORGANIZATION: Wake Forest University Health Sciences 

   Winston-Salem, NC 27157    
  

 
REPORT DATE:  October 2007 
 
 
TYPE OF REPORT:  Final 
 
 
PREPARED FOR:  U.S. Army Medical Research and Materiel Command 
               Fort Detrick, Maryland  21702-5012 
                 
 
DISTRIBUTION STATEMENT: Approved for Public Release;  
                                                  Distribution Unlimited 
 
 
The views, opinions and/or findings contained in this report are those of the author(s) and 
should not be construed as an official Department of the Army position, policy or decision 
unless so designated by other documentation. 



 

 

REPORT DOCUMENTATION PAGE 
Form Approved 

OMB No. 0704-0188 
Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining the 
data needed, and completing and reviewing this collection of information.  Send comments regarding this burden estimate or any other aspect of this collection of information, including suggestions for reducing 
this burden to Department of Defense, Washington Headquarters Services, Directorate for Information Operations and Reports (0704-0188), 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA  22202-
4302.  Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to any penalty for failing to comply with a collection of information if it does not display a currently 
valid OMB control number.  PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS. 
1. REPORT DATE (DD-MM-YYYY) 
01-10-2007 

2. REPORT TYPE
Final

3. DATES COVERED (From - To)
10 Jan 2006 - 30 Sep 2007

4. TITLE AND SUBTITLE 
  

5a. CONTRACT NUMBER 
 

Simultaneous Analysis of Germline Cnps and Snps in High Risk Prostate Cancer 
Families 

5b. GRANT NUMBER 
W81XWH-06-1-0281 

 5c. PROGRAM ELEMENT NUMBER 
 

6. AUTHOR(S) 
Jianfeng Xu, M.D., Ph.D. 

5d. PROJECT NUMBER 
 

 5e. TASK NUMBER 
 

E-Mail:   jxu@wfubmc.edu 5f. WORK UNIT NUMBER
 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 
 

8. PERFORMING ORGANIZATION REPORT   
    NUMBER 

Wake Forest University Health Sciences 
Winston-Salem, NC 27157 

 
 
 
 
 

 
 
 

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’S ACRONYM(S) 
U.S. Army Medical Research and Materiel Command   

Fort Detrick, Maryland  21702-5012   
 11. SPONSOR/MONITOR’S REPORT  
        NUMBER(S) 
   
12. DISTRIBUTION / AVAILABILITY STATEMENT 
Approved for Public Release; Distribution Unlimited  
 
 
 

13. SUPPLEMENTARY NOTES 
  

14. ABSTRACT  
Prostate cancer is the leading cancer among men in the United States, and is a disease with strong genetic susceptibility. The genetic 
susceptibility is due to the inheritance of altered germline DNA sequences, either in the form of point mutations such as single nucleotide 
polymorphisms (SNPs), or deletions/gains of a string of nucleotides such as copy number polymorphisms (CNPs). Most current genetic 
studies focus only on the role of SNPs in genetic susceptibility. In contrast, few studies have explored the role of deletions/gains in cancer 
predisposition, due to limited methods. In fact, germline deletions/gains are common in the human genome and may have a significant 
impact on gene products because they can involve an entire gene or a significant portion of a gene. They may play a more important role in 
hereditary PCa, a type of PCa that is likely due to germline changes in major genes. With the grant support, we have made important 
progresses toward this new research area. To our knowledge, our study is the first of its kind. Results will likely contribute to our 
understanding of prostate cancer etiology, and provide novel targets for prostate cancer risk assessment, prevention, and therapy. 

15. SUBJECT TERMS 
Prostate cancer, copy number polymorphisms (CNPs), SNPs, hereditary  

16. SECURITY CLASSIFICATION OF: 
 

17. LIMITATION  
OF ABSTRACT 

18. NUMBER 
OF PAGES 

19a. NAME OF RESPONSIBLE PERSON 
USAMRMC  

a. REPORT 
U 

b. ABSTRACT 
U 

c. THIS PAGE 
U 

 
UU 

 
65 

   

19b. TELEPHONE NUMBER (include area 
code) 
 

 Standard Form 298 (Rev. 8-98) 
Prescribed by ANSI Std. Z39.18 



 1

 
 
 

Table of Contents 
 
 
                                                                                                                                Page 
 
 
Introduction…………………………………………………………….………..….. 2 
 
Body………………………………………………………………………………….. 3-6 
 
Key Research Accomplishments………………………………………….……..   7 
 
Reportable Outcomes………………………………………………………………      8 
 
Conclusion……………………………………………………………………………  9 
 
References……………………………………………………………………………. 10 
 
Appendices……………………………………………………………………………  11 
          



 2

Introduction 
 
Prostate cancer (PCa) is the leading cancer among men in the United States, and is a disease with 
strong genetic susceptibility. The genetic susceptibility is due to the inheritance of altered germline 
DNA sequences, either in the form of point mutations such as single nucleotide polymorphisms 
(SNPs), or deletions/gains of a string of nucleotides such as copy number polymorphisms (CNPs). 
Most current genetic studies focus only on the role of SNPs in genetic susceptibility. In contrast, few 
studies have explored the role of deletions/gains in cancer predisposition, due to limited methods. In 
fact, germline deletions/gains are common in the human genome and may have a significant impact 
on gene products because they can involve an entire gene or a significant portion of a gene. They 
may play a more important role in hereditary PCa (HPC), a type of PCa that is likely due to germline 
changes in major genes. 
 
With the support of an Exploration-hypothesis development (EHD) grant from the DOD, we have 
made important progresses toward this new research area. 
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Body 
 
The novel hypothesis of the proposal is that germline gross deletions/insertions (CNPs), as well as 
single nucleotide substitutions (SNPs), in the genome affect the function and/or expression of PCa 
related genes and thus contribute to the genetic susceptibility of PCa. 
 
We had two specific aims: 1) screen for germline CNPs in the genome by measuring the allele 
intensity of 500K SNPs; 2) to compare the germline CNPs among relatives; 3) confirm the CNPs 
using real-time PCR; and 4) test for co-segregation of the identified CNPs with prostate cancer in 
these three families. 
 
We have completed all the specific aims. Some of the results are published in our recent paper (Liu 
2006). They are briefly described below. 

 
Using the Affymetrix 100K SNP Mapping set to detect copy number differences. We genotyped 
DNA samples isolated from blood samples of 23 subjects in four PCa families ascertained at Johns 
Hopkins Hospital. The average genotype call rate of the 100K panel in these subjects was 99.2%. 
These data suggest that DNA samples isolated from blood many years ago are stable for Affymetrix 
SNP analysis. 
 
We began with lymphoblastoid cell (LCL) line DNA from a PCa patient (005-015). Allele intensities of 
more than 100K SNPs were analyzed using default settings of CNAT (500-kb smooth averages) and 
CNAG. Two large-scale deletions and four large-scale gains were evident in chromosome 9 (Fig 1). 
For example, at the 9q31.1 region, 65 consecutive SNPs spanning 2.4 Mb signaled a deletion: copy 
number (CN) ≤ 1.2 and P-values ≤ 10-5.5 (Fig 2a). Similarly, at 9q21.2, a set of 24 consecutive SNPs 
spanning 0.5 Mb revealed a gain: CN ≥ 2.8 and P-values ≤ 10-4 (Fig 2b). The deletion and gain were 
confirmed by qPCR (Fig 2c-d). These data suggest that the Affymetrix 100K SNP panel is able to 
detect large-scale deletions and insertions. Furthermore, these data provide an empirical basis for 
establishing the criteria that can be used to define deletions and gains.  

 

 
Potential artifact of CNPs in lymphoblastoid cell line DNA. Because of the concern of potential 
in vitro chromosomal copy number changes in the course of cell culture of LCLs, we attempted to 
confirm the above deletions and insertions within a matched blood DNA sample from the same 
subject. At the same 9q31.1 and 9q21.2 regions where respective deletions and gains had been 
observed in LCL DNA, no evidence for a deletion was observed in the blood DNA (Fig 2e). For 
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9q31.1, the median CN of these 65 SNPs was 1.85, 
with a range of 1.6 to 2.1. There were 12 heterozygous 
among these 65 SNPs, compared with no 
heterozygous when these SNPs were assayed in LCL 
DNA. At the 9q21.2 region, no evidence of a gain was 
observed in the blood DNA (Fig 2f), and the median 
CN was 1.9 with a range of 1.7 to 2.0. Consistent with 
these results, qPCR assays failed to detect the 
deletion and insertion at these regions in blood DNA 
(Fig 2g-h). These data suggest the large-scale deletion 
and insertion observed in the LCL DNA of this subject 
were somatic changes that occurred in the course of 
cell culture. In addition, the average successful SNP 
call rates that we obtained were 99.20% from blood 
DNA, in contrast to 98.68% for LCL DNA. Therefore, it 
appears that DNA isolated from blood is more reliable 
than LCL DNA for studies of germline CNPs. 

 
CNPs >100 kb are rare in the genome. We screened 
CNPs in blood DNA from an additional 22 subjects in 
four HPC families with Affymetrix 100k SNP mapping 
sets. For putative deletions, we used the working 
criteria of a minimum of two consecutive SNPs with 
the following characteristics: CN < 1.2, P-value < 10-
5.5, a separation of ≥ 0.55 in CN between groups of 
subjects, and homozygous genotypes. For putative 
gains, we used the working criteria of a minimum of 
two consecutive SNPs with the following 
characteristics: CN > 2.8, P-value < 10-4, and a 
separation of ≥ 0.55 in CN between groups of 
subjects. With these criteria, not a single region in the 
genome met the criteria for a deletion in any of the 23 
subjects analyzed. However, we found four regions 
that met the criteria for gains, one of which is within a 
known replicon that is mapped to several 
chromosomes. For the remaining three regions, we 
performed qPCR and confirmed two of these gains 
(Table 1). One confirmed gain involved two SNPs 
spanning 32,790 bp at 10q11 and was found among multiple subjects in all three families. This CNP 
is also within a known replicon that is mapped to a single chromosomal region, and has been 
previously described (Sebat 2004; Iafrate 2004). The other confirmed gain was found in multiple 
subjects from a single family and involved four SNPs spanning 9,095 bp at 19q13. This is a novel 
CNP and is not within a known duplicon. The remaining region that was not confirmed by qPCR was 
found in a single subject. These results suggest that large-scale germline CNPs involving several 
hundred kb can be detected using the Affymetrix 100K SNP panel. However, the frequencies of 
large-scale germline CNPs in our study samples are not as common as predicted (Sebat 2004; 
Iafrate 2004). 
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Fig 2. DNA copy number (CN) changes detected by 
100K SNP mapping panel of the Affymetrix 
GeneChip®. A deletion at 9q31.1 (a) and a gain at 
9q21.2 (b) were observed in lymphoblastoid cell line 
(LCL) DNA of a subject. Quantitative real-time PCR 
(qPCR) confirmed the deletion (c) and gain (d) in this 
sample. No deletion or gain was found in a blood 
DNA sample from the same individual, as measured 
either by the Gene Chip (e and f, respectively), or 
qPCR (g and h, respectively). In panels c, d, g, and h, 
the X-axis shows the averaged Ct values for the 
control (GAPDH) amplicon and the Y-axis shows the 
test amplicons for the three dilutions of each tested 
DNA sample (20, 10, 5ng). The Ct values for control 
and test amplicons at each dilution of DNA were 
plotted against each other, and the offset between 
best-fit lines along the test-amplicon axis indicates 
CN differences between samples. In the Gene Chip 
analysis, a CN difference of 1 between samples was 
found in LCL DNA (c and d) and no change was found 
in blood DNA (e and f).
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CNPs involving 100s to 1,000s bp are more common. While the 500-kb smooth average is a 
good option for detecting large-scale CNPs, it may miss smaller CNPs because altered allele 
intensities of implicated SNPs may be averaged out by the allele intensities of SNPs in the flanking 
normal region. To test this, we searched the genome for small- and mid-scale CNPs by re-analyzing 
the data using smaller window sizes (100-kb and 10-kb). We found three regions that met the 
working criteria of deletions using a 100-kb window size, all of which were confirmed by qPCR 
(Table 1). One such deletion involved ten SNPs spanning 145,676 bp at 16q21. Using a 10-kb 
window size, we found nine additional regions that met the working criteria of deletions; five were 
confirmed by qPCR. For the remaining four regions, mutations were found in either probe or 
restriction enzyme sequences, which likely decreased the intensity of hybridization, thereby 
affecting CN calculation. We also found 18 regions that met the working criteria of gains using a 
100-Kb window size, and three of the six regions selected for qPCR assays were confirmed. In 
addition, 50 additional regions met the working criteria of gains using a 10-Kb window size, and only 

one of the six regions examined by qPCR assays was confirmed. 
 

Among the 14 confirmed CNPs in our study, 13 were novel. Two of six gains were located within 
replicons, but none of the eight deletions was within a replicon. Eight CNPs, including 4 deletions 
and 4 gains, involved either known genes or predicted genes. The size of the CNPs ranged from 
341 bp to 145,676 bp. 

 
Need for a higher resolution of SNP panel. Our data suggested that the Affymetrix 100K SNP 
mapping panel can be used to identify germline CNPs. However, we recognize that our study may 
miss a substantial number of smaller CNPs due to limited SNP resolution. This potential limitation 
can be overcome by using the higher resolution 500K SNP panel from Affymetrix, which has a 
median inter-SNP distance of 2.5 kb. 

 
Identification of CNPs using the Affymetrix 500K SNP Mapping Panel. We recently tested the 
Affymetrix 500K in identifying germline CNPs. The results are very encouraging and support that we 
can use the panel to accurately identify germline CNPs. 

 
Identifying germline CNPs among 48 HapMap subjects using Affymetrix 500K mapping 
panel. To assess the feasibility of using the Affymetrix 500k SNP mapping set to detect CNPs, we 
analyzed an Affymetrix 500k SNP mapping dataset, which contains allele intensity data for 48 
individuals (including 5 HapMap CEPH trios, 5 Yoruban trios, three other non-HapMap trios, and 9 

Table 1. Germline CNPs identified by 100K SNP mapping panel of Affymetrix and confirmed by quantitative real-time PCR
Type of Detection Chromosoma Multiple Repetative Genic Previously
CNPs methods region # Positions (bp) Size (bp) subjects regions regions reported
Deletion 100 kb smooth window 2q12.1 2 105,169,462 - 105,170,804 1,342 Y N N N

16q21 10 63,032,479 - 63,178,155 145,676 N N N N
20p12.2 2 9,868317 - 9,893-310 24,993 N N N N

10 kb smooth window 2q32.1 2 185,000,369 - 185,002,549 2,180 Y N Y N
3p14.2 3 62,951,975 - 62,952,488 69,187 N N Y N
4q28.3 2 135,518,614 - 135,519,403 789 Y N N N
12q23.1 3 98,791,609 - 98,791,950 341 Y N Y N
12q24.23 2 118,401,599 - 118,401,998 399 Y N Y N

Gain 500 kb smooth window 10q11.22 2 46,465,579 - 46,498,369 32,790 Y Y Y Y
19q13.41 4 57,024,188 - 57,033,283 9,095 Y N N N

100 kb smooth window 5p13.31 4 8,920,157 - 8,956,052 35,895 Y N Y N
14q11.2 2 18,205,576 - 18,218,052 12,476 Y Y Y Y
17p13.2 5 5,632,970 - 5,726,274 93,304 Y N Y N

10 kb smooth window 7p21.2 4 14,785,866 - 14,790,343 4,477 Y N N N

Implicated SNPs
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unrelated HapMap Asian samples). For putative deletions, we used the working criteria of a 
minimum of three out of four consecutive SNPs with a separation of ≥0.5 in CN between groups of 
subjects, and homozygous genotypes. For putative gains, we used the working criteria of a 
minimum of three out of four consecutive SNPs with a separation of ≥0.5 in CN between groups of 
subjects. A 1-kb smooth window was used to generate copy number. The criteria we used here is 
slightly different from the ones we used previously for the 100K mapping panel because of 
different computer programs (dChip vs. CNAT). We only included potential CNPs that 1) appear at 
least two times in these 48 individuals, and 2) follow Medelian inheritance in trios. These CNPs 
have higher likelihood to be true CNPs. Alltogether, we identified 824 deletions and 722 
amplifications. The average, median, and size ranges for these CNPs are summarized in Table 5. 
Some of these CNPs are relatively common. Fifty deletions and forty-four amplifications identified 
have frequencies > 5%. There are 337 deletions and 332 amplifications in the genic region. 
Sixteen deletions and 28 amplifications involve at least one exon (Table 2). Interestingly, we 
observed several ethnicity-specific CNPs. 

 
We identified germline CNPs among four PCa probands in our HPC families using the 
Affymetrix 500K mapping panel. The average call rates were 93.32% for the Sty array and 
95.63% for the Nsp array, respectively. The same criteria used to identify deletions and 
amplifications as mentioned above were applied. Altogether, we identified 35 deletions and 109 
amplifications. Within these CNPs, 13 deletions and 49 amplifications are in genic regions. 
Recently, we completed genotyping of Affymetrix 500K SNP arrays among 206 HPC probands. 
 
A deletion involving a candidate PCa tumor suppressor gene. Interestingly, one of the 
identified genic deletions involves a deletion of the last 4 exons of a tumor suppressor gene 
WWOX (WW domain-containing oxidoreductase isoform 2). This gene encodes a protein which 
contains 2 WW domains and a short-chain dehydrogenase/reductase domain (SRD). The highest 
normal expression of this gene is detected in hormonally regulated tissues such as testis, ovary, 
and prostate. This expression pattern and the presence of an SRD domain suggest a role for this 
gene in steroid metabolism. In addition, it was also implicated in tumor necrosis factor (TNF)-
mediated cell death, as well as p53 controlled genotoxic stress-induced cell death. Loss of 
heterozygosity and down-regulation of this tumor suppressor gene in PCa has been reported11. 
Homozygous deletion of WWOW exons has been reported in ovarian cancer12, and hepatocellular 
carcinoma (Yakicier 2001). Intriguingly, this particular CNP is rare in the 48 HapMap subjects 
(allele frequency =1.4%; the mother and son of one trio carry this CNP), but two out of the four 
PCa subjects we genotyped carry this CNP. It is likely that germline deletions of a tumor 
suppressor gene (which would be undetected in a regular LOH study), followed by somatic 
deletions or mutations of the wild-type allele, contributes to tumorigenesis. 

Table 2. Summary for CNPs identified in 48 individuals using Affymetrix 500k SNP mapping panel

Type of CNPs # of CNPs 
identified

Average 
size (kb)

Median 
size (kb)

Size range (kb) # of CNPs with allele 
frequency > 0.05

# of CNPs in genic 
regions

# of CNPs covering 
exonic regions

Deletion 824 47.4 18.2 1-2,395 50 337 16
Amplification 722 53.1 24.7 1-3,204 44 332 28
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Key Research Accomplishments 
 
Published one paper that is directly related to this grant. 
 
Liu W, Chang B, Li T, Dimitrov L, Kim S, Kim JW, Turner AR, Meyers DA, Trent JM, Zheng SL, 
Isaacs WB, Xu J. Germline copy number polymorphisms involving larger than 100 kb are uncommon 
in normal subjects. Prostate. 2007 Feb 15;67(3):227-33. 
 
Published several papers that are related to this grant. 
 
 
Zheng SL, Sun J, Cheng Y, Li G, Hsu FC, Zhu Y, Chang BL, Liu W, Kim JW, Turner AR, Gielzak M, 
Yan G, Isaacs SD, Wiley KE, Sauvageot J, Chen HS, Gurganus R, Mangold LA, Trock BJ, Gronberg 
H, Duggan D, Carpten JD, Partin AW, Walsh PC, Xu J, Isaacs WB. Association between two unlinked 
loci at 8q24 and prostate cancer risk among European Americans. J Natl Cancer Inst. 2007 Oct 
17;99(20):1525-33. Epub 2007 Oct 9.  
 
Liu W, Chang BL, Cramer S, Koty PP, Li T, Sun J, Turner AR, Von Kap-Herr C, Bobby P, Rao J, 
Zheng SL, Isaacs WB, Xu J. Deletion of a small consensus region at 6q15, including the MAP3K7 
gene, is significantly associated with high-grade prostate cancers. Clin Cancer Res. 2007 Sep 
1;13(17):5028-33.  
 
Liu W, Ewing CM, Chang BL, Li T, Sun J, Turner AR, Dimitrov L, Zhu Y, Sun J, Kim JW, Zheng SL, 
Isaacs WB, Xu J. Multiple genomic alterations on 21q22 predict various TMPRSS2/ERG fusion 
transcripts in human prostate cancers. Genes Chromosomes Cancer. 2007 Nov;46(11):972-80.  
 
Chang BL, Liu W, Sun J, Dimitrov L, Li T, Turner AR, Zheng SL, Isaacs WB, Xu J. Integration of 
somatic deletion analysis of prostate cancers and germline linkage analysis of prostate cancer 
families reveals two small consensus regions for prostate cancer genes at 8p. Cancer Res. 2007 May 
1;67(9):4098-103.  
 
Sun J, Liu W, Adams TS, Sun J, Li X, Turner AR, Chang B, Kim JW, Zheng SL, Isaacs WB, Xu J. 
DNA copy number alterations in prostate cancers: a combined analysis of published CGH studies. 
Prostate. 2007 May 15;67(7):692-700.  
 
Liu W, Chang B, Sauvageot J, Dimitrov L, Gielzak M, Li T, Yan G, Sun J, Sun J, Adams TS, Turner 
AR, Kim JW, Meyers DA, Zheng SL, Isaacs WB, Xu J. Comprehensive assessment of DNA copy 
number alterations in human prostate cancers using Affymetrix 100K SNP mapping array. Genes 
Chromosomes Cancer. 2006 Nov;45(11):1018-32.  
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Reportable Outcomes 
 
1) Discovered germline CNPs in the genome by measuring the allele intensity of 500K SNPs. 
 
2) Most of germline CNPs are inherited from parents. 
 
3) Majority of detected CNPs can be confirmed using real-time PCR. 
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Conclusion 
 
This novel and systematic approach, when applied to this high-risk hereditary study population, 
increases the likelihood to identify important genetic alterations that predispose to prostate cancer 
risk. To our knowledge, our study is the first of its kind. If our study is successful, it will likely 
contribute to our understanding of prostate cancer etiology, and provide novel targets for prostate 
cancer risk assessment, prevention, and therapy. 
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